Several reports have demonstrated the use of whole-slide imaging (WSI) for primary pathological diagnosis, but no such studies have been published from Asia. We retrospectively collected 1070 WSI specimens from 900 biopsies and small surgeries conducted in nine hospitals. Nine pathologists, who participated in this study, trained for the College of American Pathologists guidelines, reviewed the specimens and made diagnoses based on digitized, 20Â or 40Â optically magnified images with a WSI scanner. After a washout interval of over 2 weeks, the same observers reviewed conventional glass slides and diagnosed them by light microscopy. Discrepancies between microscopy-and WSI-based diagnoses were evaluated at the individual institutes, and discrepant cases were further reviewed by all pathologists. Nine diagnoses (0.9%) showed major discrepancies with significant clinical differences between the WSI-and microscopy-based diagnoses, and 37 (3.5%) minor discrepancies occurred without a clinical difference. Eight out of nine diagnoses with a major discrepancy were considered concordant with the microscopy-based diagnoses. No association was observed between the level of discrepancy and the organ type, collection method, or digitized optical magnification. Our results indicate the availability of WSI-based primary diagnosis of biopsies and small surgeries in routine daily practice.
proposed guidelines for evaluating digital pathology (DP) devices for use in primary diagnosis in May 2013, 14 and the U.S. Food and Drug Administration has approved DP systems as medical equipment. 15 However, experimental data demonstrating the availability of DP systems for primary diagnosis in Japan is lacking; thus, a large gap exists between Japan and western countries in this regard. Some possibilities exist for utilizing WSI for primary diagnosis. Although a great increase in the number of requisitions for pathological diagnoses has occurred in recent years in Japan, the number of pathologists is decreasing nationwide and the average age of pathologists is becoming high. DP devices enable remote pathological diagnosis, which may help meet the demand for pathological diagnosis. Furthermore, DP may contribute to quality control. WSI technology will advance remote diagnosis, while improving the quality control and concordance rates between pathologists' diagnoses.
The aim of this research was to demonstrate the availability of WSI-based primary diagnosis compared to light microscopy-based diagnosis. To that end, we collected sufficient data from multiple centers to achieve statistical significance and avoid sample bias.
MATERIALS AND METHODS

Overview
All observers were pathology-certificated by The Japanese Society of Pathology and the members of The Japanese Society of Digital Pathology. For training purposes, all observers diagnosed 60 training cases for WSI-based primary diagnosis, which were scanned at 40Â optical magnification. The pathologists advanced to participate in this study after making correct diagnoses with all cases in the training set.
At each institute, all colleagues performed primary diagnoses by WSI of hematoxylin and eosin (HE)-stained slides, which were collected from 100 sequential cases including biopsy cases or surgical specimens containing <5 blocks and reviewed by light microscopy after a >2-week washout time. The pathologists sent discrepant results obtained by WSI-and microscopy-based diagnosis to Nagasaki University, which served as the central institute in this study. We made consensus diagnoses and evaluated the reasons underlying the discrepancies after analyzing the individual results from each institute, after which all data were transmitted back to each institute.
Case collection
We collected 60 cases as training sets from the archives of Nagasaki University Hospital from January 1, 2015 to March 1, 2015 . The number of cases in the training set was based on the CAP guidelines, 14 and the set consisted of two neoplastic and one non-neoplastic condition for each organ. The training set included 20 organs, namely the oral cavity, salivary gland, mammary gland, esophagus, central nervous system, stomach, intestine, gallbladder, liver, pancreas, lung, thyroid gland, uterus, bone marrow, lymph node, ovary, soft tissue, skin, urinary bladder, and prostate. For this study, we attempted to gather specimens from 100 consecutive cases from each of the 12 institutes from January 1, 2015 to December 1, 2015. The number of cases included in the study set was also based on the CAP guidelines. 14 We excluded cases in which diagnosis depended on both HE staining and immunohistochemical staining, because the purpose of this study was to validate the availability of WSI of HE staining. In addition, cases that were completely out of focus in the scanned files were also excluded because the purpose of this study was to investigate the utility of WSI, not to investigate the capability of WSI.
Digitization of glass slides
All glass slides used for validation were digitized by scanners in each institute. The optical magnification was 20Â or 40Â, which was determined by colleagues at each institute. The list of scanners used is indicated below:
IntelliSite Ultra Fast Scanner (Phillips Health, Amsterdam, 
Browsing condition
All observers used monitors capable of high-definition display (3840 Â 2160-pixel resolution) to exclude the monitor resolution as a reason for potentially poor picture quality (unrelated to the WSI quality).
Pathological evaluation
We collected information regarding the sites from where the specimens were obtained. After the washout interval of over 2 weeks, the same observers reviewed conventional glass slides and diagnosed them by ordinary light microscopy. The diagnostic results were evaluated to determine the degree of agreement between WSI-based and microscopybased diagnosis, and classified them into the following three categories: (i) concordance, complete agreement between the WSI-based and microscopy-based diagnosis; (ii) minor discrepancy, a difference in the WSI-based and microscopy-based diagnoses, without clinical significance; and (iii) major discrepancy, a difference between the WSI-based and microscopy-based diagnosis, with clinical significance. All participating colleagues gathered together after performing WSI-based diagnoses and subsequent light microscopy reviews at each institution, and further discussed and evaluated the discrepant cases to determine whether WSIor microscopy-based diagnoses was more accurate.
Statistical analysis
For each case, each pathologist prepared two reports consisting of WSI and microscopic diagnoses. For the analysis, we calculated the percentage of samples for which the WSI and microscopy diagnoses were concordant, as well as the 95% confidence interval (95% CI). The 95% CI was calculated according to the Clopper-Pearson method for binomial distributions. All statistical analysis was performed by statistician, and using SAS version 9.4 (SAS Institute Inc., Cary, NC, United States).
Ethics
This study was conducted in compliance with the Helsinki Declaration and approved as a retrospective study by the ethical committee of each institute.
RESULTS
Specimen demographics
We collected 1070 specimens from 900 cases in nine institutes. The distribution of the organs is shown in Table 1 . The majority of organs were upper and lower gastrointestinal tract, and next was female genital organs.
The frequencies of the sample-collection methods were as follows: biopsy, 716 cases (66.9%); small surgery (EMR/ ESD), 97 cases (9.1%); needle biopsy, 68 cases (6.4%); excisional biopsy, 67 cases (6.3%); surgery, 54 cases (5.0%); curettage, 29 cases (2.7%); polypectomy, 20 cases (1.9%); aspiration, 17 cases (1.6%); and others, 2 cases (0.2%).
Agreement between WSI-and microscopy-based diagnosis
The extent of agreement between WSI and microscopic diagnoses was analyzed. Concordance was defined as complete agreement between WSI and microscopic diagnosis and was found in 1023 cases (95.6%; 95% CI ¼ 94.2-96.8); minor discrepancy was defined as a disagreement associated with no clinical significance, which was found in 37 cases (3.5%; 95% CI ¼ 2.5-4.8); and major discrepancy was defined as a disagreement associated with clinical significance, which was found in nine cases (0.8%; 95% CI ¼ 0.4-1.6) ( Table 2) .
Cases with major discrepancy between WSI and microscopic diagnosis are shown in Table 3 . Seven of nine cases were scanned at 40Â magnification, and two cases were scanned at 20Â magnification. In consensus diagnoses made by all observers, microscopic diagnosis was judged as more accurate in eight discrepant cases, whereas WSI was considered more accurate in one case. With the minor discrepancy cases, microscopic diagnosis was judged more accurate in 20 cases, and WSI was considered more accurate for the remaining 17 cases (Table 4) .
Focusing our attention on each institute, we found that the major discrepancy rate ranged from 0.0 to 3.0% (Supplementary Table S1 ). A major discrepancy was seen Table S2 ). Regarding the degree of optical magnification during digitization, 643 cases were scanned at 40Â optical magnification, and 427 cases were scanned at 20Â. A major discrepancy was seen in seven cases at 40Â (1.1%; 95% CI ¼ 0.4-2.2%), and in two cases at 20Â (0.5%; 95% CI ¼ 0.1-1.7%) ( Table 5) .
DISCUSSION
This study represents the first validation of WSI-based primary diagnosis conducted in Japan. We found that 1023 specimens showed concordance (95.6%), 38 showed minor discrepancy (3.6%), and nine showed major discrepancy (0.8%), out of a total of 1070 specimens analyzed. What degree of concordance occurred between WSI and classical microscopic diagnoses, and do these results establish the reliability of WSI diagnosis in the clinic? No obvious standard has been reported in this regard; even the CAP guidelines do not provide clear answers. However, several reports have provided evidence suggesting the reliability of WSI in primary diagnosis (Table 6 ). Evans and colleagues demonstrated that their diagnostic accuracy was 98% with WSI telepathology.
1 Clinically significant discordance rates of 3% to 4% were also reported with frozen sections. 2, 3 Focusing attention on the application of WSI for primary diagnosis, Molnar et al. showed that the clinically significant discordance rate with biopsy specimens of the stomach was 5.8%. 4 Previous discrepancy rates of 4.4% for 101 cases (without a rare or difficult case), 5 9 Almost all discordances were determined to impact patient 1treatment or prognosis, so all discordance rates, regardless of clinical significance, were more. However, it is difficult to determine whether the discordance rate depends on disagreement between the WSI and microscopic findings, or intraobserver disagreement of pathological diagnosis. There are some reports that mentioned about issue of interobserver agreement for quality control of histological diagnosis using daily cases. Raab et al. reported a 6.7% interobserver disagreement rate and 1.1% rate with clinical significance. 10 Another report showed that the major discrepancy rate of interobserver disagreement was 5.9%. 11 About intraobserver discordance, Bauer and colleagues reported that 9 of 524 cases (1.72%) showed intraobserver discordance in histologic diagnosis made by microscopy. 6 Considering these reports, our result showing a 0.8% major discrepancy rate was compatible with previous findings and fell into the range of interobserver or intraobserver disagreements reported previously. This finding suggested that WSI may be comparable to microscopy in terms of accuracy in primary diagnosis of biopsies and small surgery specimens. In this study, we endeavored to eliminate some potential hindrances that can impede evaluation of the diagnostic 2160 pixels) . Second, to exclude problems associated with the ability of participating pathologists to accurately diagnose diseases, we selected observers with >10 years of experience as pathologists, who were board of pathology-certificated by The Japanese Society of Pathology. The participating pathologists underwent training for WSI observations before performing validation experiments, based on the CAP guidelines, to improve their level of proficiency. 14 Accordingly, the major discrepancy rate in each observer and organ was low (ranging from 0.0 to 3.0%, and 0.7 to 2.2%, respectively), and no remarkable trend of discrepancy occurred due to the magnification used (40Â versus 20Â). In addition, we considered cases with minor and major discrepancies, whether diagnosis was most accurate with either WSI or microscopy, and WSI was used to decide most accurate diagnosis in a consensus meeting. Twenty out of 38 cases with a minor discrepancy were more accurately diagnosed by microscopy, 17 were more accurately diagnosed by WSI, and one case showed inconclusive results. However, diagnosis of our major discrepancy cases by light microscopy was frequently determined to be more accurate. Of course, selection bias may have occurred, although we were unable to analyze this possibility owing to the small number of major discrepancy cases. In this multicenter study, eight different scanners from five different manufacturers were used, with optical magnifications of 20Â or 40Â, and the optical magnification had no significant effect on the major discrepancy rate. It was very important that our results indicated WSI at 20Â magnification was equivalent compared to that at 40Â magnification.
The scanning magnification is one of the most critical factors in the application of WSI in clinical settings. First, securing storage for WSI is a critical problem. Compared with digitized radiological images, the amount of WSI data per slide and the number WSIs per case are greater than that required for radiological images; thus, WSI may require more storage capacity than needed for radiology. Therefore, the file size and overall data storage can be reduced if it is possible to scan the slide at a lower magnification, without lowering the resulting quality of the pathological diagnosis. Secondly, the scanning time is also important because it has a significant impact on the turnaround time required to make a pathological diagnosis. Generating WSIs at a lower magnification results in shorter scanning times. However, with digitization at a low magnification, some features may not be observed, such as inflammatory cells, hematopoietic organs, some bacteria, and mitotic figures. 6, 7 Thus, the type of organ or object intended for visualization should be considered before altering the scanning conditions. Selection bias may be a limitation of this study because it was performed retrospectively, and a limited number of specimens was obtained through biopsy or small surgery with HE staining only. As a result, our study cohort had a similar distribution than that observed clinically. However, some organs were insufficiently evaluated, i.e., concordance was not always found with each organ type, surgical specimen, or special staining including immunohistochemistry, and difficult cases required an expert opinion. Furthermore, this study involved exploratory cross-sectional research. It was difficult to prove the noninferiority of WSI to glass because we did not optimize the non-inferiority margins and number of samples beforehand. However, the results shown here suggest a high concordance of diagnostic assessment between WSI and microscopy.
The results of this study demonstrated that WSI had good performance and usefulness for primary diagnosis, which was performed here for the first time by multiple centers in Japan. This study also represents one of the largest studies ever performed to validate the performance of WSI. We found a low major-discrepancy rate associated with Abbreviations: CIN1, cervical intraepithelial neoplasia 1; CIN2, cervical intraepithelial neoplasia 2; CIN3, cervical intraepithelial neoplasia 3; WSI, whole-slide imaging; r/o, rule out Notes: Colorectal biopsy specimens based on the Japanese Classification of Colorectal Carcinoma were categorized into Groups 1 to 5, and Group X: Group 1, normal mucosa and inflammatory or hyperplastic nodule; Group 2, undistinguishable cellular and/or architectural atypia, with or without neoplasia; Group 3, benign neoplastic lesion; Group 4, suspicious for carcinoma; Group 5, carcinoma; Group X, inadequate specimen. In addition, gastric biopsy specimens were classified based on the Japanese Classification of Gastric Carcinoma, using the same 6 categories that were used for the colorectal biopsy specimens.
clinical significance that influenced the therapeutic strategy. Therefore, we propose that WSI is a beneficial tool for pathological primary diagnosis and compares favorably with the classical light microscopy approach. study would not have been possible. We would like to thank Editage (www.editage.jp) for English language editing. This work has presented in part at the Pathology Visions 16 Conference held Oct 22-25, 2016 as an annual meeting of the Digital Pathology Association.
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